Abstract. Salivary gland extracts (SGE) from unfed and 5 days fed adult female Ixodes ricinus (Linnaeus, 1758); Haemaphysalis inermis (Birula, 1895) and Dermacentor reticulatus (Fabricius, 1794) ticks were prepared. The protein content after feeding increased by 10.6, 8.7 and 6.8 times, respectively. Extracts were equilibrated to the same protein content and submitted to SDS-polyacrylamide gel electrophoresis followed by computer analysis of the scanned gels. Relative differences in protein profiles of extracts obtained from unfed and partially fed ticks were found in all species and some of them were similar in all three species used in the study. Results demonstrate that the increase of the protein content in salivary glands during the feeding does not occur proportionally. Some proteins are synthesised preferentially (67.1 kDa, 13.5 kDa) but other bands (in range of 15-16 kDa) present in the SGE derived from unfed ticks are less discernible in that of fed ticks.
Ticks are of great medical and veterinary importance not only as haematophagous ectoparasites infesting humans and domestic animals, but also as vectors of a wide variety of pathogenic organisms (see Sonenshine 1991) . Ixodid ticks are obligate blood-feeders in all their life stages. In contrast to other haematophagous parasites, the contact between an ixodid tick and its host lasts for days or even weeks (Allen 1989) . Therefore, besides feeding, ticks need to be tolerated by their host in order to survive. Both requirements have been solved during approximately 100 million years of evolution so that ticks are now highly adapted to their life-style. A crucial role in this adaptation is played by the salivary glands. These paired and highly complex glands are important in both feeding and immunomodulation of the host, which induces tolerance to blood feeding (Wikel 1996a, b) . The salivary glands are also the primary means for transmission of tick-borne pathogens , Hajnická et al. 1998 .
During feeding, the female salivary glands may increase in size about 25 fold. This process starts after a tick has sealed its mouthparts into the host skin. The process is unusual, as other haematophagous parasites are generally fully prepared for engorgement (see Sauer et al. 1995) . During the prolonged feeding period, the salivary glands also increase in protein content (Wang and Nuttall 1994) . Many substances have been isolated from tick saliva, e.g. cement, vasodilators, platelet aggregation inhibitors, anticoagulants, prostaglandins, and allergens (Gauci et al. 1988 , Jaworski et al. 1990 , Limo et al. 1991 , Wang et al. 1996 , Zhu et al. 1997 . However, it is not clear how changes in protein content relate to the different functions of saliva during feeding. Also, the quantitative and qualitative changes in salivary gland proteins following attachment to the host, when the tick has committed considerable resources to the feeding process, are not fully known. Ticks prior to the attachment to their host apparently do not spend the energy in preparation for complete feeding process (Sonenshine 1991) . To investigate changes in the protein content of salivary glands during feeding, we compared unfed and partially fed salivary gland extracts (SGE) derived from three species which represent three different ixodid subfamilies ranging from less evolved Ixodinae -Ixodes ricinus (Linnaeus, 1758) Preparation of SGE. Salivary glands from each group were dissected from either unfed or partially fed ticks in ice cold phosphate-buffered saline (PBS: 5 mM Na 2 HPO 4 .12 H 2 O, 1.6 mM KH 2 PO 4 , 131 mM NaCl, pH 7.2), pooled, washed three times with PBS and homogenised in a glass homogeniser in PBS containing 1 mM phenylmethylsulphonyl fluoride. The homogenate was centrifuged at 10 000 × g for 30 min at 4°C. The concentration of total proteins in the supernatant fluid was determined using the colorimetric method according to Bradford (1976) , with bovine serum albumin as the standard.
SDS-PAGE. Soluble SGEs were denatured by boiling (5 min) in a sample buffer (125 mM Tris-HCl, pH 6.8, 20% v/v glycerol, 4% w/v SDS, 10% v/v 2-mercaptoethanol and few crystals of Bromphenol blue). SDS-PAGE with discontinuous buffer system of pH 6.8 and 8.8 (according to Laemmli 1970) was used to separate proteins; 17 µg of total protein from each pool were loaded in each lane. The gels were run at a constant current of 15 mA in a 4% stacking gel and at 25 mA (3 mA /cm) in 12% resolving gel (with an acrylamide /bisacrylamide ratio 37.5 : 1). Molecular weight standards (LMWCK, Pharmacia) phosphorylase B (94,000), bovine serum albumin (67,000), ovalbumin (43,000), carbonic anhydrase (30,000), soybean trypsin inhibitor (20,100) and α-lactalbumin (14,400) were run in parallel lanes. A standard curve, constructed from their relative migration and known molecular weights, was used to estimate the molecular weight of tick proteins by means of computer program table curve. After electrophoresis, the gels were incubated overnight in a fixative solution (40% v/v ethanol, 20% v/v acetic acid) and stained with silver according to Damerval et al. (1987) .
Gels were scanned using a JX-330 Sharp scanner and computer generated images were analysed by Imagemaster software (Pharmacia Biotech).
RESULTS
Although the total protein content in fed ticks was up to ten times increased, the equal amount of proteins from fed and/or unfed ticks was submitted to PAGE. This allows evaluating the relative differences between fed and unfed ticks, as well as between different tick species. The protein profiles from SGE derived from both partially fed and unfed ticks were basically similar. The number of bands (proteins) evident increased or newly synthesised in fed ticks was surprisingly small. Only the most visible differences were marked and mentioned below.
SGE derived from Ixodes ricinus ticks
The scanned couple of gels obtained by separation of SGEs prepared from unfed and fed ticks are shown in Fig. 1 , computer-generated images (CGI) and its evaluation in Fig. 2 A. To obtain equal protein content in samples for PAGE the ratio between SGE from unfed and SGE from fed ticks was 10.6 : 1. Bands with the most apparent increase in quantity (or even new synthesised) correspond to the relative molecular mass of ≈119.8, 67.1, 35.0, 27.6, 22.9 and 13.5 kDa, respectively ( Fig. 2A , black arrows, from left to the right). In contrast, higher intensity of bands corresponding to the relative molecular weight ≈137.6, 32.7, 30.2, and 15.9 kDa, respectively, ( Fig. 2A, open arrows from left to the right), indicate relatively higher amount of SGE components derived from unfed ticks.
SGE derived from Haemaphysalis inermis ticks
To obtain samples with comparable protein content the ratio of unfed/partially fed ticks was 8.7 : 1. The profiles are similar to that obtained from Ixodes ticks. Bands corresponding to relative molecular weight of ≈67.1, 30.1, 23.9 and 13.5 kDa, respectively, represent the relative increase in respective protein content of partially fed females (Fig 2B, black arrows) . On the other hand, the bands with molecular mass of ≈ 40.6, 26.3 and 15.1 kDa, respectively, have higher intensity in SGE derived from unfed ticks.
SGE derived from Dermacentor reticulatus ticks
To obtain samples with comparable protein content the ratio of unfed/partially fed ticks was 6.8 : 1. Most apparent increase in band intensity corresponds to relative molecular mass of ≈67.1, 36.0, 27.6 and 13.5 kDa, respectively (Fig. 2C, black arrows) . Bands with molecular weight of ≈55.4, 31.2, 24.1, 21.9 15.9 and 15.1 kDa, respectively, are present in relatively higher amount in SGE derived from unfed ticks (Fig. 2C, open  arrows) .
Some changes in protein patterns of unfed and partially fed females were observed in all three tick species. The bands with molecular weight of ≈67.1 and 13.5 kDa of partially fed ticks were demonstrated in all three species. In contrast, bands showing microheterogenity, corresponding to molecular weights of ≈15.9 were present in SGE derived from all unfed ticks.
DISCUSSION
One of the most notable features of ixodid ticks is the fact that in both their resting and questing stages they are not fully developed for all phases of feeding. Indeed, the development of their salivary glands occurs simultaneously with the initiation and commencement of blood feeding on their host. During the feeding salivary glands increase in weight and volume. A part of such increase occurs because the salivary glands act as an osmoregulator, removing excess water and ions taken up in the bloodmeal (see House 1980 , Kaufman 1983 . But at the same time the protein content increases rapidly (see also the ratio of salivary glands from unfed and partially fed ticks used to get comparable volumes of proteins for PAGE in this study). This strategy of delayed protein production is probably designed to save energy as the period prior to feeding often lasts several months or even years (Sauer et al. 1995) . Therefore it is not surprising that the protein content (and the pattern of bands after electrophoresis) changes during the period of attachment on the host. However, it is not completely clear which salivary gland proteins are preferentially synthesised during feeding on the host. Although the relationship between salivary gland changes and feeding has been recognised for quite a long time, only recently have important functions of tick saliva been identified and correlated with the feeding process, e.g. the immunosuppressive activities of immunoglobulinbinding proteins and the anaesthetic and anti-inflammatory properties of histamine-binding proteins (see Nuttall 1998 , Sangamnadech et al. 1998 . However, most of the tick saliva activities and their correlation with the changes in salivary glands during feeding are largely unknown.
In the evaluation of the profiles obtained by SDS-PAGE, it is necessary to keep in mind the higher amount of unfed ticks needed for preparation of samples with protein content comparable to that in partially fed ticks. This allows one to demonstrate the relative changes in both unfed and partially fed tick salivary glands in different tick species. Thus, all bands (and parts of profile) showing higher protein content in fed ticks represent an authentic increase of the corresponding protein content in the salivary glands of these ticks. Bands visible only in patterns from partially fed ticks may represent proteins newly synthesised during feeding or proteins present in unfed ticks in subthreshold doses. It is of interest that very few of such proteins were observed in Haemaphysalis inermis ticks compared with Dermacentor reticulatus ticks or even more prominent with Ixodes ricinus ticks. Although H. inermis shows a different feeding strategy ('fastfeeding' tick), the potential speculative connection with the finding mentioned above remains unknown.
In our study, some changes in protein patterns of unfed and partially fed females were, however observed in all three tick species. The increasing bands with molecular weight of ≈67.1 and 13.5 kDa of partially fed ticks were demonstrated in all three species. In contrast, the heterogeneous area of proteins with molecular weights of ≈15.9 kDa was observed to disappear during the feeding of females. These may be secreted or converted to other substances during the feeding process. We have considered only the most predominant protein bands. The results do not draw attention to more subtle changes in protein patterns. Less prominent proteins, other than those emphasised here, may also change and be of physiological significance to the tick.
Previous studies suggested that dramatic changes were seen in the gland structure (Binnington 1978) and polypeptide patterns of SGE (McSwain et al. 1982) after attachment of ticks to the host.
In spite of the facts mentioned above it is possible to compare some changes in protein patterns of unfed and partially fed ticks with published data although these comparisons of polypeptides remain speculative. The identification and function of different substances produced in the salivary glands during the feeding needs further study.
